Background: Crush injury is a common presenting clinical problem in South African trauma patients, causing acute kidney injury (AKI). It has been theorised previously that the AKI was not due to an anaerobic phenomenon. A previous local study noted the presence of a mild hyperlactataemia among patients with crush syndrome, but the significance and causes of this was not fully explored. This study aimed to examine the incidence of hyperlactataemia in patients with crush syndrome presenting to a busy emergency department (ED) in rural South Africa. Methods: The study was conducted at Edendale Hospital in KwaZulu-Natal province in South Africa from 1 June 2016 to 31 December 2017. All patients from the ED who had sustained a crush injury secondary to a mob assault were included in the study. Patients with GCS on arrival of < 13 or polytrauma were excluded from analysis. The primary outcome of interest was the presence of hyperlactataemia (> 2.0mmol/L) on presentation. The Kidney Disease Improving Global Outcomes (KDIGO) criteria were used to diagnose and stage AKI as a secondary outcome. Results: A total of 84 patients were eligible for analysis. Sixty-nine (82%) patients presented with hyperlactataemia. The median serum lactate was 4.9mmol/L (IQR 2.3-7.2mmol/L). Fifteen (18%) patients were diagnosed with AKI on presentation according to serum creatinine. Ten patients were diagnosed as Stage 1, three were Stage 2 and two Stage 3 AKI respectively. There was no difference in the incidence of AKI in patients with or without hyperlactataemia (p = 0.428). Time from injury to presentation was a median 365 minutes (IQR 180-750 minutes). Six (7%) patients were admitted to high care unit and nine (11%) were admitted to the intensive care unit (ICU). No patients died within 48 hours of admission. Two patients received renal replacement therapy during the first 48 hours of admission to hospital. Conclusion: Hyperlactataemia is a common feature of patients presenting to the ED following crush syndrome secondary to beatings received during interpersonal violence. The origin of this hyperlactataemia is currently unknown. Further research needs to be conducted into the origin of the hyperlactataemia and its clinical significance. In this cohort, the utilisation of RRT was low but the incidence of AKI was high and developed rapidly following the injury. The utilisation of RRT also needs to be further studied in larger patient populations in South Africa to make local clinical recommendations for use. SBP (mmHg, median, IQR) 118 (102-131.5) DBP (mmHg, median, IQR) 76 (67.5-88.5) Pulse (bpm, median, IQR) 92 (79-103.5) GCS (median, IQR) 15 (15-15) Haematuria (dipstick) (n, %) 80 (95%) Time from injury to presentation (minutes, median, IQR) 365 (180-750) SBP = systolic blood pressure. DBP = diastolic blood pressure. GCS = Glasgow Coma Scale.
Introduction
Crush injury was first described in victims of urban bombing attacks during the London Blitz in 1940. 1 These injuries are well recognised today in victims of entrapments following both natural disasters and civilian bombings. 2, 3 These injuries are ischaemic in nature and reflect the end result of prolonged hypoperfusion of a trapped limb. Once the patient is extracted and the limb freed, uncontrolled reperfusion of the limb leads to a massive systemic response which may be acutely fatal or precipitate acute kidney injury (AKI). The main mechanism of this AKI is believed to be secondary to the deposition of myoglobin into the renal tubules.
In South Africa, a variant on the classic crush injury is commonly seen following so called mob assaults following community vigilante action against victims accused of crimes. These patients sustain a beating from the community using punches and kicks as well as a variety of blunt objects. The classic South African whip known as the sjambok has been used frequently in these attacks. These patients are common in South African emergency departments (EDs). [4] [5] [6] AKI that can occur as a consequence of this injury can be difficult to manage and may result in the need for renal replacement therapy (RRT). Although much has been written on crush syndromes following patients freed from entrapment 7, 8 less has been documented about crush syndrome secondary to community Hyperlactataemia with acute kidney injury following community assault: cause or effect? JUNE 2019 assault where limb entrapment is not a major feature. It has been suggested that the crush syndrome from beating with sticks and sjamboks is an aerobic phenomenon, dominated by the presence of myoglobinaemia and without the toxic effects of anaerobic metabolites which characterise the crush syndrome with reperfusion of a limb with a compromised vascular supply. 5, 9, 10 A previous study noted the presence of a mild hyperlactataemia among patients with crush syndrome, but the significance of this was not fully explored. 5 This study aimed to examine the incidence of hyperlactataemia in patients with crush syndrome presenting to a busy ED in rural South Africa following beatings. The incidence of AKI within 48 hours of presentation to ED was examined as a secondary outcome.
Methods

Setting
The study was conducted at Edendale Hospital, a rural regional level hospital set on the outskirts of Pietermaritzburg, the capital city of KwaZulu-Natal province in South Africa. It borders a large informal settlement and receives a high burden of trauma referrals from the surrounding areas (approximately 1200/month based on previous audits). A database maintained by the Pietermaritzburg Metropolitan Trauma Service (PMTS) was interrogated for the time period from 1 June 2016 to 31 December 2017. Ethics approval to maintain the registry has been obtained from the Biomedical Research Ethics Committee (BCA221/13 BREC) of the University of Kwa Zulu-Natal and from the Research Unit of the Department of Health. 11
Definitions and outcomes
All patients from the ED and subsequently referred to the PMTS for admission who had sustained a crush injury secondary to a mob or community assault were included in the study. For the purposes of this study, crush syndrome was defined as injuries sustained via interpersonal violence and beating with a blunt object such as sticks, whips or sjamboks. Patients included in the study had clinical evidence of skin bruising from blunt trauma. Urine dipstick tests were performed on all patients and were positive for haemoglobin pigment. Patients with significant head injuries defined as a GCS on arrival of ≤ 13 were also excluded due to the difficulty in interpreting elevated serum lactate in traumatic brain injury (TBI). Polytrauma patients were also excluded from analysis, as they may have other reasons for hyperlactataemia, such as compromised limb or organ vascular supply. Polytrauma was defined as a patient with significant injuries in two or more anatomical regions.
Presentation biochemistry, demographic data and data up to 48 hours following admission to the ED were used for analysis. No further follow up after 48 hours was performed. The primary outcome of interest was the presence of hyperlactataemia on presentation defined as a serum lactate ≥ 2.0mmol/L. The presence of AKI on admission or developing within 48 hours following admission was a secondary outcome. Admission to the intensive care unit (ICU) or the high care unit (HCU) was also examined as secondary outcomes. The criteria for admission to these units included the need for more advanced monitoring than offered in the general ward, or the need for organ support in the form of ventilation, inotropic support or RRT offered in the ICU. Treatment of these patients followed a protocol using venous serum bicarbonate for risk stratification, administration of an intravenous balanced salt solution and targeting a urine output of 1-2 ml/kg/hr with clinical assessment of fluid balance and referral as required for RRT. (See Annexure A for detailed protocol.)
AKI was defined according to the current Kidney Disease Improving Global Outcomes (KDIGO) diagnostic criteria using either urine output or serum creatinine levels. 12 If the baseline serum creatinine was unknown, it was calculated according to the Modification of Disease in Renal Diet (MDRD) equation, as per the KDIGO recommendations. 12
Statistical analysis
Means and standard deviations are reported for normally distributed data; median and inter-quartile range for data not normally distributed. The x2 test and Fisher's exact test were used for categorical data, and independent samples t-test, Kruskall-Wallis, or Mann-Whitney U test for continuous data where appropriate. All p-values are reported to three decimal places and statistical significance was defined as a two-sided p-value < 0.05. All data analyses were performed using SPSS 24.0 for Mac (SPSS, IBM, Chicago, IL).
Results
A total of 84 patients were eligible for analysis. The majority were young males ( Table 1) . Sixty-nine (82%) patients presented with hyperlactataemia. Three patients had missing admission serum lactate levels.
Forty-nine (58%) patients presented with acidaemia (pH < 7.35). The presentation biochemistry for patients with and without hyperlactataemia are presented in Table 2 . There were significant differences in the presentation pH and base excess, and no difference in the presentation serum bicarbonate between patients with or without hyperlactataemia. There was no statistical difference in the median systolic blood pressure (p = 0.224) or median diastolic blood pressure (p = 0.919) in patients with or without hyperlactataemia. The differences between the patients with and without AKI are presented in Table 3 . The patients with AKI had significantly lower median pH, lower base excess and higher serum lactate. They also had a higher median serum potassium and a lower median haemoglobin.
No patients had serum creatinine kinase levels performed. Fifteen (18%) patients were diagnosed with AKI on presentation according to serum creatinine. Only 2 of those patients were also diagnosed with AKI according to urine output criteria within the 48-hour time period. Ten patients were diagnosed as Stage 1, three were Stage 2 and two Stage 3 all according to serum creatinine values. There was no difference in the incidence of AKI in patients with or without hyperlactataemia (p = 0.428).
Although there was a slightly longer delay in patients with AKI presenting to the ED, there was no statistically significant difference noted (median 360 minutes; IQR 180-720 vs 495; 320-915 p = 0.143). There was a statistically shorter time to presentation in patients with hyperlactataemia (median 330; IQR160-550 vs 865; IQR 328-928).
Eighty-three (99%) patients received either Modified Ringer's Lactate or Balsol® as resuscitation fluid initially. Five (6%) patients also received 0.9% saline solution. No patients were given synthetic colloids or blood products as resuscitation fluids. The volume of oral or intravenous fluids administered was not reliably recorded for reporting.
Two (2%) patients received a non-steroidal antiinflammatory drug on admission. No patients received intravenous (IV) mannitol, furosemide, sodium bicarbonate or an aminoglycoside in the first 48 hours following presentation, as per the local protocol for resuscitation of these patients.
Nine (11%) patients were discharged within 24 hours, and 30 (36%) were discharged within 48 hours. Six (7%) patients 
Discussion
Three decades ago, Muckart et al. reviewed crush syndrome in the South African context. 10 They highlighted the fact that this syndrome was not due to entrapment and reperfusion, but rather due to a severe beating over the entire torso and limbs. They hypothesised that this was not an ischaemic phenomenon but rather the result of direct muscle disruption and the systemic release of myoglobin which is directly nephrotoxic. Most researchers in South Africa since have tended to support this hypothesis. 13, 5, 9 Our data present further hypotheses for the pathophysiology of crush syndrome in these patients. Contrary to what was expected, 82% of patients in our study had hyperlactataemia on presentation to the ED and those diagnosed with AKI on presentation were more likely to have higher serum lactate levels, although the presence of hyperlactataemia was not associated with the diagnosis of AKI. This study is the first to describe hyperlactataemia as a significant finding in this form of trauma.
There are a number of causes of hyperlactataemia that can be excluded as the incipient cause in our study cohort. Patients with significant head injuries were excluded from this study. The haemoglobin concentrations were similar in both groups with or without hyperlactataemia, and the median blood pressures did not represent a state of hypoperfusion. Furthermore, there was no difference in the presentation systolic or diastolic blood pressures between patients with and without hyperlactataemia, suggesting that hypotension was not the cause of hyperlactataemia.
A potential cause for the hyperlactataemia is that the areas of injury to the muscles that were damaged and crushed undergo a form of reperfusion and release lactate. As the amount of tissue reperfused increases, there is a greater potential for the release of nephrotoxins and sequestration of fluid in the damaged tissue's interstitum, resulting in AKI.
Enhanced glycolysis, which can occur in trauma and other inflammatory states such as septic shock, is another potential source for the hyperlactataemia. This occurs in the presence of normal aerobic metabolism. 14, 15 Damage associated molecular patterns (DAMPs) such as high mobility group box protein 1 (HMGBP-1) are known to be released during tissue damage in trauma. 16 The kidneys filter 120-150 ml of plasma an hour, resulting in a significant exposure of both the glomeruli and tubules to these substances. Although not directly causative of inflammation, their activation of toll like receptors (TLRs) with subsequent inflammation of tissues is well described. 17 These DAMPs may be associated with the presence of inflammation in the kidney, leading to AKI. The greater the number of circulating DAMPs, the greater the activation of the inflammation systems, which can lead to AKI.
A median 365-minute delay from injury represents a relatively short time from injury to presentation to hospital.
Despite this, a six-hour delay could result in sequestration of fluid in the damaged muscle, causing a relative hypovolaemia and subsequent hyperlactataemia. This can occur despite the normal haemodynamics on presentation, (pulse and blood pressure), as these markers are not sensitive enough to pick up smaller changes in intravascular volume shift.
Another potential theory is the presence of an intra-renal compartment syndrome, resulting in the decrease of renal blood flow and reducing glomerular filtration and peritubular vascular supply. The kidneys receive 20-25% of cardiac output and any reduction in perfusion results in significant ischaemia with tubular and glomerular damage. Swelling of the renal parenchyma may occur in response to inflammation, and this is worsened by inappropriate IV fluid therapy. The dense unyielding Gerota's fascia which surrounds the kidney would result in a rise in intra-renal compartment pressure. In a revisit to his seminal work on crush syndrome, Bywaters described the kidney at post-mortem as "overweight and oedematous, bulging out when the capsule was incised". 18 This is similar to the behaviour of muscle that is released from a compartment syndrome. Renal ultrasound of patients with AKI often reveals enlarged and echogenic kidneys, with reduced intraparenchymal blood flow, making an intra-renal compartment syndrome a plausible hypothesis.
Lactate is removed from circulation by the liver predominantly, but the kidneys are responsible for some elimination. 19 Reduction in clearance, in addition to an increase in metabolic demand by the injured muscle tissue may also explain the presence of the hyperlactataemia, despite the lack of obvious anaerobic tissue.
A unified hypothesis of the reasons patients with this form of crush syndrome would involve all potential causes as discussed. The muscle damage results in myoglobin release, there is sequestration of fluid within the damage muscle with subsequent hypovolaemia causing pre-renal dysfunction. This is then followed by the intrinsic renal damage caused by myoglobin and pro-inflammatory products released from the damaged tissue. Further swelling of the renal parenchyma from inappropriate fluid therapy and inflammation further reduces the intra-renal perfusion pressure, resulting in "multiple hits" to the kidney, with the end result being AKI requiring RRT.
Another surprise finding is the presence of AKI on presentation, despite a relatively short period of time between injury and presentation to the hospital. This might suggest that the renal dysfunction is far more rapid in onset than previously thought. KDIGO recommends examining a relatively small change in serum creatinine within 48 hours, but the patients in our study developed AKI within hours of their injury. The initial serum biochemistry was drawn prior to large volume IV fluid resuscitation, and within a reasonably short period of time following the trauma. All patients were referred from scene, with no inter-hospital transfers. This adds strength to the study as this is a better reflection of the biochemical disturbances these patients develop from their injuries without any fluid or pharmacological intervention prior to analysis.
NSAIDs are not indicated in the routine management of patients at risk for AKI, so our finding that 2 patients received NSAIDs whilst in the ED is unusual. As crush syndrome places patients at risk for AKI, all attempts to limit nephrotoxins should be made. Other, non-nephrotoxic analgesics should rather be used for pain control for this patient population.
Although only the type of fluid and not the quantity of fluid administered to the cohort was captured, the mainstay of therapy for patients with crush syndrome is IV fluid administration to induce a diuresis. In keeping with current evidence, no patients were given mannitol or sodium bicarbonate as part of their therapy. 20 The use of furosemide is also not recommended in routine management of AKI and was not used in this patient cohort. 12 Inappropriately small volumes of fluid could lead to under-resuscitation and worsening of potential AKI in patients with crush syndrome, but overloading patients with IV fluid in the presence of anuria can result in fluid overload, pulmonary oedema and hypoxia. As such, the careful monitoring of urine output and volumes of IV fluid administered are important in the management of these patients. 7 There are a number of limitations to this study. The relatively small patient population limits external validity. Other hospitals in different areas of the country or hospitals in other countries experiencing this form of trauma may have different experiences of crush syndrome from severe beatings, with a variable time to presentation and severity of injury.
A significant number of patients present with crush syndrome and severe head injury, as that is the nature of the interpersonal violence seen by the ED. These patients were excluded to reduce the confounders to the reasons for hyperlactataemia, strengthening our findings as the crush syndrome being the main reason for the hyperlactataemia. This, however, limits the applicability of these findings to that patient cohort.
Although the type of fluid used was captured in the database, the volume of fluids administered to the patients was not, nor were intravascular volume assessment techniques recorded in the database. As the absolute volume of fluid administered is not predictive of the appropriateness of the fluid resuscitation, even capture and presentation of these data would not be clinically useful.
We do not have the data for prehospital vital signs and interventions that were offered to these patients. This would have influenced the presentation vital signs and biochemistry, depending on the resuscitation efforts that were received by the patients. As all patients were referred from the scene or self-presented, it is unlikely that large volumes of IV fluid were infused prior to presentation to the ED.
Conclusion
Hyperlactataemia is a common feature of patients presenting to the ED following crush syndrome secondary to beatings received during interpersonal violence. The origin of this hyperlactataemia is currently unknown and hypothesis generating. In this cohort, the utilisation of RRT was low but the incidence of AKI was high and developed rapidly following the injury. Further research needs to be conducted into the origin of the hyperlactataemia and its clinical significance. The utilisation of RRT also needs to be further studied in larger patient populations in South Africa to make local clinical recommendations for use.
